Background: Semi-permanent fillers are among the most favorable fillers on the market. Through their unique mode of action and its associated lasting aesthetic effect, they take an exceptional position. Objective: To compare the two semi-permanent fillers Poly-L-Lactic Acid (PLLA) and calcium hydroxylapatite (CaHA) in reference to the aesthetic result, patient satisfaction and side effects. Methods: Studies on side effects, patient satisfaction and aesthetic results after augmentation with semi-permanent fillers were analyzed. Results: Semi-permanent fillers seem excellently suited for the augmentation of very deep wrinkles particularly in the lower half of the face. In general, high patient satisfaction can be determined with both fillers. Here, the effect from the polylactic acid can be verified for up to two years while no effect could be verified already after one year in a majority of the patients augmented with CaHA. Short-term side effects such as bleedings or erythema in the region of the augmented area have been observed in both fillers during augmentation. The incidence of nodules and granulomas seems significantly higher in augmentations with PLLA compared to CaHA. Rare side effects such as an embolization of a blood vessel caused by the implant have been described for both fillers in case reports. Conclusion: Semi-permanent fillers are superbly suited for wrinkle augmentation. Which filler is the preferred one in what case depends strongly on the individual needs of the patient and the therapist's experience.
Patient Satisfaction with PLLA
Patient satisfaction with the aesthetic result of an augmentation treatment with PLLA was surveyed in numerous studies. 79% of patients (90 patients) treated by Fabi und Goldman, stated that they would undergo augmentation treatment with PLLA again. For 17% of the patients, the treatment costs, the degree of aesthetic result and the pain associated with the augmentation were the main reasons why they would not undergo another treatment. The remaining 3% were undecided [20] .
In the patient group (221 patients) treated by Lowe, 72% of patients stated that they would undergo the same treatment again. Another 14% were undecided, while the remaining 14% rejected another therapy [23] . The patient evaluation (10 patients) of Salles et al. shows that three months after the augmentation, 80% of patients were dissatisfied or very dissatisfied with the aesthetic result. Another three months later, 60% of the patients stated that they were very satisfied or satisfied with the aesthetic results. After 36 months, 60% of patients found the result satisfactory or very satisfactory. 30% of patients were dissatisfied, while the remaining 10% were highly dissatisfied with the aesthetic result [26] . In the study published by Vleggaar (2131 patients), 95.1% of treated patients stated that the expected result has been achieved or exceeded by the treatment, while 4.9% were dissatisfied with the result [14] .
In the patient survey (130 patients) undertaken by Palm et al., 68% of patients stated that they would undergo another treatment, while 33% would not have another augmentation with PLLA and another 12% were undecided [22] . Table 2 shows the results that were achieved over time. In this study, 116 patients with the desire of augmentation were included in the NLF. The initial depth of the wrinkles varied in all patients from LRS 2 to LRS 4. Salles et al. have surveyed the therapy success after augmentation of NLF with PLLA six and 36 months after the first session. The results of this study are shown in Table 3 .
Side Effects of PLLA
With regard to the side effects of an augmentation treatment with semi-permanent fillers, a differentiation has to be made between primary and secondary side effects. Table 4 shows the side effects observed in the analyzed studies Primary side effects are nearly always self-limited and a direct consequence of the implantation. Secondary side effects such as the formation of papules and granuloma occur frequently weeks or years after an augmentation treatment. Six months after a PLLA augmentation treatment of the cheeks, painfully swollen nodules developed in the region of the patient's right cheek. During the physical examinations, it was not possible to exprimate any secretion from the right parotid duct. Through additional radiological examinations, it was determined that the right parotid duct was compressed by the PLLA implant, which leads to a parotitis as secondary side effect. Through persistent massage of the affected region, it was possible to relieve the compression of the parotid duct caused by the implant [33] .
Another recently published report describes a case of acute blindness after the PLLA augmentation HIV-positive patient suffering from orbital lipodystrophy [34] . In this case, the PLLA was accidentally injected into the arterial vessel system of the optic nerve, which lead to direct blindness and ophthalmoplegia of the affected eye [34] .
Calcium Hydroxylapatite
In the United States, calcium hydroxylapatite (CaHA) has been approved for wrinkle augmentation in 2006 [7] [35]. According to the manufacturer, since its approval more than two million CaHA treatments have been carried out worldwide from 2004 to 2010 [36] . CaHA is a natural component of the inorganic bone and tooth substance [37] .
One unit of CaHA consists of a suspension of small calcium hydroxylapatite microspheres (30%) ranging in diameter between 25 -45 µm. These are suspended in a gel carrier (70%), hydrophilic carboxymethyl cellulose, glycerin and sterile water [35] [38] [39] . The hydrophilic carrier gel is absorbed by the body-what remains are the microspheres, which work like a sort of support for incoming Fibroblasts produce native collagen, which is the true cause for the filling effect [35] Calcium hydroxylapatite is degraded to calcium and phosphate [37] [40] .
In addition to the augmentation of wrinkles in the face, CaHA is also used in many other areas of aesthetic and traditional medicine. Since 2002, CaHA is approved for the augmentation of vocal cords as a symptomatic therapy for unilateral or bilateral vocal cord paresis [35] . In addition, it serves as radiological tissue marker because it has a low level of radiolucency [7] . As natural component of the inorganic bone and tooth substance, calcium hydroxylapatite is also used for the augmentation of osseous or dental substance defects [41] . Larger calcium hydroxide particles (75 -175 μm) serve as filler to treat the symptoms of stress incontinence [12] [43] . Other aesthetic indications for CaHA are the reconstruction of the nipple, to balance contour effects after liposuction or for severe acne vulgaris [9] [11] . In addition, CaHA is used to lift the tip of the nose within the frame- work of non-surgical rhinoplasty [40] . Finally, CaHA is also applied to even out visually lipoatrophy caused by such diseases as advanced HIV [44] .
CaHA Application and Implantation Technique
Preparation: CaHA is available in ready-to-use syringes of various sizes (0.3 ml; 0.8 ml and 1.5 ml) [36] . Since 2009, CaHA is available on the American market in combination with 2 ml of 2% lidocaine HCL as Radiesse-L ® [36] [45] . It is recommended to mix the substances at least 2 hours prior to implantation [36] . The manufacturer recommends the use of a 27 or 28 gauge needle included in the system for implantation [36] . The needle should penetrate the skin in an angle of 30 degrees and then, it should be inserted to the subcutis. As soon as this layer is reached, the parallel implantation strings should be placed in accordance with a retrograde implantation [36] . To achieve an even distribution of the implant, it is recommended to massage the treated area after implantation [36] . Table 6 summarizes the CaHA application and implantation techniques applied in the analyzed studies.
The manufacturer does not give any statements as to the maximum number of touch-up treatments or the time interval between individual sessions.
Patient Satisfaction with CaHA
Patient satisfaction with the aesthetic result of an augmentation treatment with CaHA was surveyed in numerous studies. 28 of the patients treated by Fakhre et al. assessed their satisfaction at different times on the Likert scale. The scale ranges from 1 (dissatisfied) to 5 (highly satisfied) One to seven weeks after implantation, the average satisfaction was 3.7. One year following the implantation, the aesthetic result was still assessed at 2.3. 71% of the surveyed patients would recommend the product to a friend [4] .
In the patient group (16 patients) surveyed by Grunebaum et al., the average satisfaction at the time of the survey was over 4.5 [45] . The patient group (82 patients) treated by Roy et al., assessed the aesthetic result three and six months after the implantation with an average score of 4.6 [46] . From the patient group of Sadick et al., 41 of 113 treated patients valued the aesthetic result three months after implantation with 4.6 and six months after implantation with 4.8 [47] .
From the total of 609 patients treated by Jansen and Graivier, 155 participated in the survey six months following the implantation and 112 participated in the survey after 12 -24 months [9] . Six months after implantation, 89% of the surveyed patients stated that they would undergo another treatment [9] . 12 -24 months after the augmentation treatment, 69% of the patients stated that they are satisfied with the result, 24% were dissatisfied with the result, whereby the main reason was the short duration of the esthetic effect [9] .
Expert Evaluation of CaHA
The therapists used the global aesthetic improvement score (GAIS) [38] in addition to the LRS [27] in order to assess the degree of aesthetic result. Table 7 summarizes the results of the expert evaluation after an augmenta- Likert scale 3 and 6 months after implantation 1 = dissatisfied; 5 = highly satisfied 3 months after implantation: 4.5 6 months after implantation: 4.5 tion treatment with CaHA. Table 8 provides an overview of the documented side effects in the reviewed studies.
Side Effects of CaHA

Therapy Nodules and Granuloma Formation after CaHA Treatment
There is also not a clear regimen for the treatment of nodules and granuloma following an augmentation treatment with CaHA. In a large portion of the studies, steroids were applied into the lesion [9] [46] [47] . In another portion, the nodules were either removed surgically with a needle or by skin incision [25] [37].
Rare Side Effects of CaHA
Because of the deep implantation, there is the risk of an embolization of a blood vessel by the implant. In one case published by Tracy et al., a 41-year-old patient had following a CaHA augmentation of the melolabial fold initially a change in color of the left nostril and later a tissue necrosis caused by the occlusion of the blood supplying vessel [50] .
Comparison of the Most Important Characteristics
An overview of the most important characteristics of both fillers is given in Table 9 .
Summary
Can semi-permanent fillers be compared based on the current study or data situation? Despite the similar modes of action of PLLA and CaHA, there is currently no study, which compares these fillers. However, based on the comprehensive data situation, both substances can be compared. Overall, more than 3500 patients received PLLA treatment and more than 2600 patients were treated with CaHA in these studies. The follow-up periods, which are available, are up to 36 months for both substances.
Because the studies showed significant differences in terms of sizes, implantation techniques, time of the survey, it must be considered in the review of the results and it must be seen as limitation with regard to the assessment of these results. According to the study results, both semi-permanent fillers are superbly suited for augmentation of very deep wrinkles, particularly in the area of the lower half of the face. However, in direct comparison, with PLLA the result can only be noticed after several weeks but the aesthetic result lasts significantly longer. In contrast, the aesthetic result of CaHA is immediately visible but it does not last as long.
How do the semi-permanent fillers differ in their preparation and implantation? What substances are more user-friendly?
As opposed to CaHA, which comes in pre-filled syringes, PLLA must be suspended in water prior to the planned implantation. Because a biofilm surrounding the implant may be the possible cause for the later formation of granuloma, the preparation process of PLLA may be a potential source of bacterial contamination. During the implantation of CaHA, no such prior preparation of the filler is required, which can be seen as a significant advantage of CaHA compared to PLLA.
What consequences can be expected in augmentations with semi-permanent fillers and how often do these occur?
When injecting semi-permanent fillers into wrinkles, both CaHA and PLLA have the risk of primary and secondary side effects. Primary side effects such as bleeding and swelling in the area of the injection are nearly unavoidable and occur with both fillers equally. To reduce the sense of pain, the filler can be injected in combination with a synthetic analgesic, which leads to a significant reduction in pain.
Therefore, it should be pointed out that each of these modifications is connected with direct consequences. Example local anesthetics: Through the additional application of synthetic local anesthetics, the patient will feel less pain during and after the implantation. Because the local anesthetic has a vessel relaxing effect, the bleeding risk is increased [54] . To minimize this risk the therapist can apply additional vasoconstricting substances. The use of vasoconstricting substances has the risk that when the implant causes ischemia for example through embolization of a blood vessel, it is recognized too late or not at all [54] .
Arterial embolization caused by the filler with subsequent necroses of the under-supplied area is one of the most feared but very rare primary side effects. To minimize this risk, it is recommended to carry out an aspiration prior to the implantation. It is essential for the therapist to have an in-depth anatomical knowledge about the area to be augmented and to have the possibility to treat such embolization. The most frequent secondary side effect that occurs particularly if PLLA is used for augmentation is the formation of nodules or granuloma in the area of the augmented region. It is specifically noted that the percentage of these complications can be significantly reduced through longer suspension times and a greater dilution. In addition, if patients use nicotine, which poses a significant risk factor for the formation of granuloma and papules [52] [54] [55] . Accordingly, PLLA should not be used for augmentation in this patient group. Granuloma and nodules are also observed in augmentations with CaHA; however, the percentage is significantly lower. An exception is the significantly higher incident of granuloma and papules after CaHA is used for lip augmentation. Therefore, CaHA is no longer recommended for the augmentation of lips.
So far, there is no clear therapy regimen for the treatment of such nodules or granuloma. In addition to the steroid application, surgical excision is successful. Because both measures carry a certain risk, it remains to be said at this point that in some studies, granuloma and nodules resolved itself after some time but without further treatment.
Conclusion
Through their long lasting aesthetic result and the high patient satisfaction, semi-permanent fillers take a special position and the aesthetic wrinkle treatment can no longer be thought of without them. According to the results, the choice of suitable semi-permanent filler depends significantly on the individual needs of the patient. If it is important for the patient to achieve a swift improvement, which may potentially decrease after a few months, then CaHA is the preferred substance. If the patient prefers a rather gradual change visible only after a few months following the first session, then PLLA would be the first choice based on its slow effect. However, this treatment is still not without risk, of which the therapist and the patient should be aware. In this connection, Lemperle talks about the so-called "learning curve": the shorter the time the implant remains, the larger the probability for technical areas to occur during the injection [42] . Conversely it means that the implantation of such lasting fillers requires profound knowledge of the therapist and extensive information of the patient about any potential risks. This is the absolute prerequisite for a satisfactory result.
